obJect Brain metastases are the most common intracranial neoplasms and are on the increase. As radiation side effects are increasingly better understood, more patients are being treated with surgery alone with varying outcomes. The authors previously reported that en bloc resection of a single brain metastasis was associated with decreased incidences of leptomeningeal disease and local recurrence compared with piecemeal resection. However, en bloc resection is often feared to cause an increased incidence of postoperative complications. This study aimed to answer this question. methods The authors reviewed data from patients with a previously untreated single brain metastasis, who were treated with resection at The University of Texas M.D. Anderson Cancer Center (1993 -2012 . Data related to the patient, tumor, and methods of resection were obtained. Discharge Karnofsky Performance Scale (KPS) scores and 30-day postoperative complications were noted. Complications were considered major when they persisted for longer than 30 days, resulted in hospitalization or prolongation of hospital stay, required aggressive treatment, and/or were life threatening. results During the study period, 1033 eligible patients were identified. The median age was 58 years, 83% had a KPS score greater than 70, and 81% were symptomatic at surgery. Sixty-two percent of the patients underwent en bloc resection of their tumor, and 38% underwent piecemeal resection. There were significant differences between the 2 groups in terms of preoperative tumor volume, tumor functional grade, and symptoms at presentation, among others. The overall complication rates were 13% for patients undergoing en bloc resection and 19% for patients undergoing piecemeal resection (p = 0.007). The incidences of major complications and neurological complications were also significantly different. There was a trend in the same direction for major neurological complications, although it was not significant. Among patients undergoing piecemeal resection of tumors in eloquent cortex, 24% had complications (13% had major, 18% had neurological, 9% had major neurological, and 13% had select neurological complications; 4% died within 1 month of surgery). Among those undergoing en bloc resection of such tumors, 11% had complications (6% had major, 8% had neurological, 4% had major neurological, and 4% had select neurological; 2% died within 1 month of surgery). The differences in overall, major, neurological, and select neurological complications were statistically significant, but 1-month mortality and major neurological complications were not. In addition, within subcategories of tumor volume, the incidence of various complications was generally higher for patients undergoing piecemeal resection than for those undergoing en bloc resection. coNclusioNs The authors' results indicate that postoperative complication rates are not increased by en bloc resection, including for lesions in eloquent brain regions or for large tumors. This gives credence to the idea that en bloc resection of brain metastases, when feasible, is at least as safe as piecemeal resection.
B
rain metastases are the most common intracranial neoplasms, with an estimated 10%-30% of cancer patients ultimately developing the condition. 2, 3, 13 With increased cancer survival, the incidence of brain metastasis has seen a corresponding increase. 2, 7, 13, 23 As the side effects of radiation are increasingly better understood, more patients, particularly those with a single brain metastasis, are being treated with surgery alone. However, recurrence rates following this management approach have varied greatly in the published literature, ranging from 10% to 46%. [9] [10] [11] 14, 22, 24 Although much attention has been given to identifying various factors that decrease the risk of recurrence, the specific surgical methodology used has not historically been a focus. We previously reported that en bloc resection of a single brain metastasis was associated with the decreased incidence of leptomeningeal disease 20, 21 and local recurrence 11 compared with piecemeal resection. Our studies have suggested that en bloc resection of metastasis offers several advantages over piecemeal resection. However, en bloc resection is not always achievable. In fact, some surgeons may hesitate to attempt en bloc resection in functionally eloquent areas for fear of increased incidence of postoperative complications, although this has never been specifically studied.
In a large series of neurosurgical patients from our center, tumor functional grade (TFG, a grade that classifies tumors into 3 categories based on proximity to functional cortex: noneloquent [Grade I], near-eloquent [Grade II], and eloquent [Grade III]) was the most important factor affecting the incidence of postoperative neurological deficits. 15 Previously, we noted a trend for more local recurrence among tumors with higher TFG, but closer examination revealed that more of these tumors were resected in piecemeal fashion 11 and that surgical method, rather than TFG, was the factor more significantly impacting the incidence of recurrence. To determine if en bloc resection is associated with more complications than piecemeal resection for all tumor locations and particularly those in functionally eloquent brain, we reviewed data from patients with a previously untreated single brain metastasis who were 
methods patient population
The data review was performed under the auspices of an M.D. Anderson institutional review board-approved protocol. Patients were excluded if they had undergone brain tumor surgery, stereotactic radiosurgery, and/or whole-brain radiation therapy prior to the index procedure at M.D. Anderson; if they had a diagnosis of leptomeningeal disease prior to the index procedure; if they were not monitored at M.D. Anderson's Brain and Spine Center after the index procedure; or if they had incomplete data on the entities under study. Using the multidisciplinary Brain and Spine Center Database, we were able to identify 1033 patients with a previously untreated single brain metastasis who underwent surgical resection at our institution between June 1993 and December 2012 and also fit the above criteria.
The following data were reviewed: patient age, sex, Karnofsky Performance Scale (KPS) score (preoperative and at hospital discharge), preoperative tumor volume (including the solid and cystic components of the tumor), TFG, 15 site of primary cancer, presenting symptoms, type of anesthesia (general, local, or awake), utilization of intraoperative mapping techniques, method of resection (en bloc, defined as circumferential resection of the tumor without violation of the capsule, or piecemeal), extent of tumor resection (based on comparative computerized volumetric analyses of preoperative and postoperative MRI scans), length of postoperative hospital stay, and 30-day postoperative morbidity and mortality. We categorized complications as major or minor. Major complications were those that persisted for more than 30 days, resulted in hospitalization or prolongation of hospital stay, required aggressive treatment, and/or were life threatening. 15 All other complications were classified as minor. Both new deficits/events and worsening of preoperative deficits/events were counted as complications. Of note, most preoperative and surgical data related to the M.D. Anderson surgeries in this database were obtained prospectively. The method of resection was prospectively noted by the neurosurgeons and entered into the database immediately after the procedure. The radiographic characteristics of the tumor were assessed prospectively. The categorization of complications as major versus minor was done retrospectively, based on a review of medical records. In our series, 96% of our tumors were completely resected as defined by zero residual tumor or 100% resection on postoperative MR images, according to computerized analysis.
statistical methods
Frequencies and descriptive statistics on the various entities under study were obtained. Distributions of categorical variables among different subgroups were tested using a chi-square test or the Fisher exact test, as appropriate. Distributions of continuous and ordinal variables were tested using Student's t-test or a nonparametric test, as appropriate. Factors associated with the incidence of 30-day postoperative complications (overall, major, neurological, major neurological, and select neurological complications) were assessed using univariate and multivariate logistic regression analyses. Odds ratios and their 95% confidence intervals were computed. All tests were 2-tailed. A p value ≤ 0.05 was considered significant. All analyses were performed using IBM SPSS version 21.
results
The patient characteristics are presented in Table 1 . Of the 1033 patients, 53% were males and 47% were females. The median age of patients at the time of the index procedure was 58 years (range 4-91 years). Eighty-one percent of patients were symptomatic at the time of presentation for surgery, with headache (37%) being the most common presenting symptom, followed by weakness in 28%, gait difficulty in 20%, visual problems and speech problems in 14% each, and nausea/vomiting and seizures in 12% each.
Most of the patients in our study were high functioning at the time of the surgical procedure; i.e., 83% had a ). Most of the patients were administered general anesthesia (98%), with 3 (0.3%) being administered local anesthesia, and 14 (1%) undergoing awake craniotomy (this variable was not reviewed further). Intraoperative mapping was used in 243 (24%) of the cases.
Sixty-two percent of the patients underwent en bloc resection of the tumor, and 38% underwent piecemeal resection. We compared all characteristics between patients undergoing en bloc resection and those undergoing piecemeal resection (Table 1 ). The median preoperative tumor volume was 16.6 cm 3 for those undergoing piecemeal resection and 9.0 cm 3 for those undergoing en bloc resection, a statistically significant difference (p < 0.001). TFG was unequally distributed between the 2 surgical methods, with a significantly larger proportion of TFG II in the piecemeal group (p = 0.03) and a significantly larger proportion of TFG I in the en bloc group (p < 0.001). A significantly larger proportion of patients undergoing piecemeal resection rather than en bloc resection were symptomatic at presentation (87% vs 78%, respectively; p < 0.001). A significantly larger proportion of patients undergoing piecemeal resection had cystic tumors (16% vs 11%, respectively; p = 0.01), and hemorrhagic tumors (22% vs 16%, respectively; p = 0.01). In addition, the en bloc resection group contained significantly larger proportions of patients with a renal cell primary cancer (p = 0.001) and patients with a KPS score greater than 70 (p = 0.03). There were no other statistically significant differences in characteristics between the piecemeal and en bloc groups, including with respect to TFG III tumors.
Postoperative hospital length of stay was significantly longer among patients in the piecemeal group (median, 4.0 days; range 2-47 days) than for those in the en bloc group (median, 3.0 days; range 1-78 days; p < 0.001; Table 2 ).
The KPS score at hospital discharge remained within 10 points of the preoperative score in 924 patients (89%), worsened by greater than 10 points in 57 patients (6%), and improved by greater than 10 in 52 patients (5%). Among patients undergoing piecemeal resection, 338 (86%) had a discharge KPS score within 10 points of their preoperative score, compared with 586 patients (92%) in the en bloc group (p = 0.001). There was no significant difference in the proportion of patients whose KPS score worsened after surgery (6% vs 5% in the piecemeal and en bloc groups, respectively; p = 0.40), but more patients improved in the piecemeal group than in the en bloc group (8% and 3%, respectively; p < 0.001).
Thirty-day mortality was 3%, with 34 of 1033 patients dying within 1 month of surgery (18 [5%] in the piecemeal group and 16 [2%] in the en bloc group, p = 0.07). Table  3 shows the incidence of overall complications within 1 month after surgery in our cohort, as well as the incidence of major, neurological, and major neurological complications during that period. The overall complication rates were 13% for patients undergoing en bloc resection and 19% for patients undergoing piecemeal resection (p = 0.007). There was a significant difference in the incidence of major complications between the 2 groups (7% vs 10%, respectively; p = 0.04). These differences remained significant in the multivariate logistic regression analysis after controlling for other factors associated with complications and major complications (OR 0. In addition to surgical method, several other factors significantly impacted the incidence of overall complications in the multivariate analysis: older patients had a significantly higher rate of overall complications (OR Similarly, several other factors significantly impacted the incidence of overall complications in the multivariate analysis: older patients had a significantly higher rate of overall complications (OR 1.03 [95% CI 1.01-1.04], p = 0.006). In addition, the use of mapping was associated with a higher complication rate (OR 1.74 [95% CI 1.07-2.81]; p = 0.02). The major complication rates by TFG were 6%, 9%, and 9% for Grades I, II, and III, respectively (overall p = 0.15), with respective univariate ORs of 1.67 and 1.70 for Grades II and III compared with Grade I, respectively (p = 0.08 and 0.09). Similar factors impacted neurological complications. Of note, the presence of preoperative symptoms was significantly associated with the incidence of neurological complications, and TFG was significantly associated with the incidence of select neurological complications in the multivariate analysis (data not shown).
We also assessed the 30-day neurological complication rate (Tables 3 and 4) . One hundred four patients (10%) had 1 or more neurological deficit(s). These included focal motor deficits (4%), speech impairment (3%), and seizures (1%). Hydrocephalus, visual impairment, focal sensory deficit, bladder dysfunction, cranial nerve deficits, and cerebral abscess were each observed in less than 1% of instances. Intracranial hemorrhage occurred in 14 patients (1%; 8 intraparenchymal, 4 epidural, and 2 subdural). Patients undergoing piecemeal resection had a higher incidence of neurological complications than those undergoing en bloc resection (13% vs 8%, respectively; p = 0.03), although the incidence of major neurological complications was not significantly different between the 2 groups (6% vs 4% in the piecemeal and en bloc groups, respectively; p = 0.18). The piecemeal group had a higher incidence of speech impairment than the group undergoing en bloc resection (p = 0.001).
We grouped together motor, sensory, speech, and visual deficits as "select" neurological complications. The rate of select neurological complications across all patients was 8% in the piecemeal group and 5% in the en bloc group; p = 0.04).
A tumor's functional grade is often a major deciding factor in the selection of method of resection and could impact the incidence of complications, particularly neurological complications, by method. We therefore focused our secondary analysis on patients with tumors in eloquent brain (TFG III). Of note, among patients with TFG I and II lesions, the rates of complications (overall, major, neurological, major neurological, select neurological, and 1-month mortality) were not significantly different between patients undergoing piecemeal and en bloc resection. Among patients undergoing resection of tumors in eloquent cortex, 43 (7) 54 (8) 27 (4) 30 (5) 16 (2) Piecemeal 74 (19) 41 (10) 50 (13) 24 (6) 31 (8) 18 ( 29 (6) 41 (8) 15 (3) 27 (5) 13 (3) ≥58 95 (18) 55 (10) 63 (12) 36 (7) 34 (6) 21 ( 36 (8) 55 (11) 22 (5) 33 (7) 15 (3) Male 81 (15) 48 (9) 49 (9) 29 (5) 28 (5) 19 ( 40 (6) 55 (9) 28 (4) 33 (5) 11 (2) ≤80 80 (20) 44 (11) 49 (12) 23 (6) 28 (7) 23 ( 13 (7) 10 (5) 7 (4) 7 (4) 3 (2) Yes 137 (16) 71 (8) 94 (11) 44 (5) 54 (6) 31 ( 19 (6) 22 (7) 10 (3) 5 (2) 8 (2) II 65 (16) 38 (9) 46 (11) 23 (6) 33 (8) 18 (4) III 48 (17) 27 (9) 36 (12) 18 (6) 23 (8) 8 ( 68 (8) 89 (10) 45 (5) 53 (6) 23 (3) Yes 28 (15) 16 (9) 15 (8) 6 (3) 8 (4) 11 ( 75 (8) 92 (10) 45 (5) 54 (6) 31 (4) Yes 15 (11) 9 (7) 12 (9) 6 (4) 7 (5) 3 (2) (continued) 48 patients (17%) had complications, 27 (9%) had major complications, 36 (12%) had neurological complications, and 23 (8%) had select neurological complications. Among patients undergoing piecemeal resection of tumors in eloquent cortex, 29 patients (24%) had complications, 16 (13%) had major complications, 22 (18%) had neurological complications, 11 (9%) had major neurological complications, 16 (13%) had select neurological complications, and 5 (4%) patients died within 1 month of surgery. Among those undergoing en bloc resection of such tumors, 19 (11%) had complications, 11 (6%) had major complications, 14 (8%) had neurological complications, 7 (4%) had major neurological complications, 7 (4%) had select neurological complications, and 3 (2%) patients died within 1 month of surgery (Fig. 1) . The differences in patients undergoing piecemeal versus en bloc resection with respect to overall, major, neurological, and select neurological complications were statistically significant, but not with respect to 1-month mortality and major neurological complications. Among patients with a tumor in eloquent brain, the discharge KPS score remained within 10 points of the preoperative score in 257 patients (89%), worsened by greater than 10 points in 15 patients (5%), and improved by greater than 10 points in 16 patients (6%). Ninety-nine patients (83%) who underwent piecemeal resection had a KPS score within only 10 points of the preoperative score at discharge, relative to 158 patients (94%) in the en bloc group (p = 0.005). Nine patients (8%) who underwent piecemeal resection had a worsening in KPS score of more than 10 points versus 6 patients (4%) who underwent en bloc resection (p = 0.13); 11 patients (9%) who underwent piecemeal resection had an improvement in KPS by more than 10 points versus 5 patients (3%) who underwent en bloc resection (p = 0.02).
Preoperative tumor volume is another major deciding factor in the selection of method of resection. We closely reviewed our data to determine if there was a differential effect of method of resection on incidence of 30-day postoperative complications relative to preoperative tumor volume. The analysis showed that within subcategories of tumor volume, the incidence of various complications is generally higher for patients undergoing piecemeal resection than for those undergoing en bloc resection (Fig. 2) . discussion Previously, we found that en bloc resection was associated with a lower incidence of leptomeningeal disease 20, 21 and local recurrence 11 than piecemeal resection. One important unanswered question is whether performing an en bloc resection in patients with brain metastasis, and in particular those with tumors in functionally eloquent brain, results in an increased risk of postoperative deficits. We reviewed data from patients with a previously untreated single brain metastasis that was treated with resection at M.D. Anderson.
Our primary question in embarking on this study was to determine whether method of resection, en bloc versus piecemeal, impacted the patients' functional outcomes and complication rates postoperatively. In our cohort, more patients underwent en bloc resection (638 patients; 62%) 35 (14) 17 (7) 24 (9) 9 (4) 16 (6) 7 (3) 4.56-11.38
42 (16) 25 (10) 32 (12) 17 (7) 17 (7) 5 (2) 11.38-21.86
39 (15) 20 (8) 31 (12) 19 (7) 20 (8) 6 (2) ≥21.86 38 (15) 22 (8) 17 (7) 6 (2) 8 (3) 16 ( (13) 56 (7) 69 (9) 34 (4) 35 (4) 24 (3) Yes 49 (20) 28 (12) 35 (14) 17 (7) 26 (11) 10 (4) * Values are number of patients (%) unless indicated otherwise.
than piecemeal resection (395 patients; 38%). Patients undergoing piecemeal resection had an overall complication rate of 19% and a major complication rate of 10%. Patients undergoing en bloc resection had an overall complication rate of 13% and a major complication rate of 7% (p = 0.007 and 0.04, respectively, for the 2 comparisons). In fact, in the univariate analysis, we found that piecemeal resection had a higher rate of overall, major, neurological, and select neurological complications, as well as speech impairment, than en bloc resection. These differences were all statistically significant. Therefore, the response to the first question posed by this paper is that en bloc resection is not associated with an increased risk of most complications compared with piecemeal resection, but the opposite is actually true. There were some notable statistically significant differences between the piecemeal and en bloc groups in our cohort. The former group had significantly larger tumor volumes, more tumors near or within eloquent brain, and more patients with low KPS scores. Patients undergoing piecemeal resection also were more frequently symptomatic at presentation (87% vs 78%, among those undergoing en bloc resection; p < 0.001). This difference is probably related to the larger sizes of tumors in the piecemeal group, to their more frequent location within or near eloquent brain, or both. However, a closer look within the various subcategories of tumor volume or tumor functional grade shows that en bloc resection did not result in a higher frequency of complications (overall and other).
It seems intuitive that tumor location in relation to eloquent brain is a critical factor in determining the risk of postoperative complications. Our group previously reported the importance of tumor functional grade in the incidence of postoperative neurological deficits in a group of patients harboring tumors with mixed histologies. 15 The issue of tumor location was deemed less relevant because a tumor located within or near eloquent brain is accessed through noneloquent brain tracts regardless of whether it is deeply or superficially located. This led to the second question posed in this paper: Do the above findings of a higher incidence of complications in patients undergoing piecemeal versus en bloc resection of their tumor hold true for tumors located within eloquent brain? As a result, tumors were classified according to proximity to eloquent brain, and a separate analysis was done for TFG III tumors. These tumors had an overall neurological complication rate of 12%, whereas Grade I tumors had a rate of 7% (p = 0.01). TFG III tumors also had a significantly higher rate of major neurological complications (6% vs 3%, respectively; p = 0.053) and a significantly higher rate of select neurological complications (8% vs 2%, respectively; < 0.001), including speech impairment alone. There was only a trend, not a significant one, toward higher complications and major complications (p = 0.13 and 0.08, respectively). It also seems intuitive that tumor volume would be a critical factor in determining the risk of postoperative complications. This led to the third question posed in this paper: Do the above findings of a higher incidence of complications in patients undergoing piecemeal versus en bloc resection of their tumor hold true regardless of tumor volume? To investigate this issue, we compared the incidence of complications within narrow categories of preoperative tumor volume. The overall trends in complications according to surgical method remained largely unaltered.
In addition to surgical method, characteristics that we found to significantly affect the overall complication rate in the multivariate analysis were older age, lower KPS score, a requirement for intraoperative mapping, and a kidney primary tumor. Those associated with major complications were older age and a requirement for intraoperative mapping.
Older age has long been suggested as a risk factor for postoperative complications in multiple surgical specialties, 5, 12, 16, 18, 19 although other studies have found the opposite to be true as well. 4, 8 In our study, we found that age was significantly associated with the incidence of both overall and major complications. Although we do not feel that age alone should be a contraindication to surgery, it is important to keep in mind that older age could contribute to increased postoperative morbidity. As we found in a previous series, 15 a lower KPS score was associated with a higher rate of complications. The KPS score has always been shown to be a critical factor in various outcomes of treatment, including both complications and survival. 1, 6, 15, 17 Very low KPS scores are often a contraindication for surgery.
The requirement for cortical mapping is intimately related to TFG. Lesions in eloquent brain underwent intraoperative mapping significantly more often than those in noneloquent or near-eloquent brain.
In our series, patients with a renal cell cancer primary had a higher rate of complications than those with any other primary tumor. Whereas renal cell cancer metastases are known to be highly vascular, this higher rate of surgical complications has not been previously reported. Interestingly, patients with renal cell cancer metastases underwent en bloc resection more frequently than piecemeal resection. This is probably because, at our institution, we feel that en bloc resection of renal cell cancer metastases has the added advantage of limiting blood loss for this pathology, as entering the lesion can be very bloody. These lesions pose a particular dilemma because they are considered relatively radioresistant.
One might expect to encounter new deficits in asymptomatic patients, as they do not have any deficits to mask new complications. In our study, preoperative symptoms were a finding in the analysis of neurological complications. Our definition of complications was the occurrence of a new event or the worsening of preexisting symptoms. Presumably, patients with deficits are more susceptible to worsening of their symptoms after an intervention, given that something is already wrong. Symptoms are also more frequent in patients with tumors located within or near eloquent brain, and these have a higher rate of neurologi- cal complications. Future studies may or may not support this finding. This study has a number of limitations, the main one being that the 2 cohorts are inherently and often different. There were significant differences between the 2 groups in baseline characteristics, such as symptomatic status at presentation for surgery, preoperative KPS score, and primary cancer type, as well as tumor volume and functional grade and the finding of a cystic or hemorrhagic tumor. A closer examination showed that the findings remained basically unaltered when the 2 methods of resection were compared within subgroups of tumor volume, TFG, and other variables. In addition to the known differences between the piecemeal and en bloc groups, there are likely to be other inherent differences in lesions that can be removed in an en bloc versus a piecemeal fashion that are not necessarily easily controlled for with such a study design. In addition, although most of the data were collected in a prospective fashion, the study is a retrospective one. As a result, important information was not available for review, such as the specific reason that the neurosurgeon chose to use one method of resection over another. En bloc resection may not always be possible and may be less likely to be carried out in eloquent brain areas, although this was not exactly the case in our patient population. Data on the 30-day postoperative KPS scores were also incomplete. The KPS scores presented in the study were assessed at hospital discharge. Some of the complications may have taken place after hospital discharge, which explains the seemingly inconsistent finding of a significant improvement in the KPS score in the piecemeal group relative to the en bloc group. Finally, despite the large sample size achieved, the power of the study to detect such rare complications as speech impairment may be limited. Yet, despite these limitations, most of the data (including the postoperative length of stay) pointed in the same direction, which imparts extra confidence to the legitimacy of the conclusion derived from this study, namely that (when possible) en bloc resection does not appear to result in worse outcomes.
conclusions
We performed detailed analyses to account for differences in preoperative KPS score, patient age, tumor type, tumor volume, TFG, symptomatic presentation, and cortical mapping, among others, on the differential incidence of various complication categories according to surgical methodology (piecemeal vs en bloc resection). Even after adjusting for these variables, the complication rates were almost always higher among patients treated with a piecemeal resection. The same applied to patients with tumors located in eloquent brain and tumors along the volume spectrum.
Our results indicate that postoperative complication rates are not increased by en bloc resection, including for lesions in eloquent brain regions or for large tumors. This gives credence to the idea that en bloc resection of brain metastasis is at least as safe as piecemeal resection. In conjunction with our previous findings 11, 20, 21 that en bloc resection results in lower rates of leptomeningeal disease and local recurrence in somewhat smaller lesions (< 9.71 cm 3 ), we feel that en bloc resection of metastatic lesions, when achievable, is as safe, if not superior to, piecemeal resection. These findings should be confirmed in a larger prospective study.
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